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ORITERIA  FOR  THE  SELECTION  OF  HATER  -RESOURCE  PROJECTS* 


Roland  N.  McKean 

The  RAND  Corporation,  Santa  Monica,  California 


Estimates  of  the  ooat  and  gain  attributable  to  water- 
resource  project*  (e.g.,  irrigation  or  flood-control 
measures )  are  often  uaed  to  help  vtnnov  out  the  ones 
that  should  be  undertaken.  This  sort  of  comparison, 
which  Is  usually  called  "coat-benefit  analysis,"  is 
closely  related  to  systems  analysis  and  operations 
research;  all  of  these  activities  pose  problems  of 
f cmula ting  analyse*  and  devising  tests  of  preftrrednees. 
In  this  connection,  three  points  are  discussed  and  illus¬ 
trated:  (l)  With  a  given  water-resource  budget,  maxi¬ 
misation  of  the  present  value  of  net  benefits  is  a 
better  test  than  the  maximisation  of  the  conventional 
bene  fit -oort  ratio.  (2)  The  alternatives  that  are 
compared  should  be  water -re source  "systems"  --  each 
consisting  of  a  proposed  project  added  onto  existing 
watershed  features  and  projects.  As  new  projects  are 
approved  and  constructed,  the  other  proposals  add^d  onto 
the  original  watershed  features  aay  no  longer  be  the 
relevant  alternatives.  (3)  The  alternatives  that  are 
coaipared  shouln  Include  project -increments,  not  Just 
huge  •lumps."  \  . 


ffclily 


t  problem  uf  chulee 


faces 


o€  selecting  water- re  source  developments  <■-  such  as  navlgstlon, 


j 


flood-control,  and  soil -conaervat ion  measures, 
taken  each  year.  The  Importance  of  the  problem  is  indicated  by  the 
extent  of  current  and  potential  expenditures  on  such  water -re source 
projects:  each  year  from  $1  to  $2  billion  are  now  spent  on  wayer- 
re source  development  by  the  federal  government  alone,  and  oven  the 
next  generation,  according  to  estimates  in  the  Report  of  the  President's 


This  paper  consists  ealnly  of  excerpts  froa  a  study  of 


& 


analysis  to  incraaae  efflclsncy  in  water -re source  development 


use  of 


Is  held  hy  -Ihc  WUB  Omporetioci  The  paper  was  presented 


P-609-RC 

9-16-55 

-2- 


Water  Resources  Policy  Comiscion,  from  $70  to  $100  billion  may  bo  ejjent 
on  such  developments. 

In  formulating  the  vater-resouree  program,  government  akee  u»e  of 
"cost-benefit  analyses,"  in  which  estimates  of  the  costs  and  returns  from 
each  project  are  prepared.  Such  esttnates  have  been  made,  for  instance, 
for  the  Santa  Maria  project  in  California,  a  proposed  combination  of 
irrigation  and  flood-control  measures  about  130  miles  northwest  of  Los 
Angeles.  This  example  will  be  drawn  upon  to  illustrate  several  subsequent 
joints. 

In  the  use  of  these  estimates  to  help  compare  alternative  water 
resource  projects,  the  criterion  that  is  supposed  to  Indicate  projects' 
relative  merits  la  the  ratio  of  benefits  to  costs,  (for  example,  this 
ratio  was  calculated  for  the  Santa  Marla  project,  turning  out  to  be  I.87 
to  1.)^  If  the  ratio  is  higher  than  unity,  a  project  is  said  to  be 
economically  Justified.  Moreover,  in  general,  the  higher  the  ratio, 
the  more  favorably  a  project  is  looked  u;on.  In  tills  way,  this  criterion 
helps  determine  both  the  cite  of  the  govern; Tent  Agencies'  water -re source 
budgets  and  the  particular  projects  that  are  to  be  undertaken  with  those 
budgets. 


I.  C09T-BgNEFTT  ANALYSIS  ARP  OPERATIONS  RESEARCH 

r‘  ia  t>ertinent  to  note  that  cost-benefit  analyses  are  closely 
related  to  operations  research  and  to  systems  analysis.  rirst,  all  such 
re&ear'h  provides  assistance,  iTuch  >f  it  quantitative,  in  handling  some 
,  rollon  Tf  choice.  Mor**  r.jeci .'ioally,  in  all  such  research  an  attempt 
is  nadc  to  trace  out  significant  eloquences  of  alternative  .ollcies 
t'nat  might  be  choaen.  Oj^rationc  rt  search  sometimes  eoi.qares  the 
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consequences  of  adopting  alternative  Inventory  policies  in  a  business 
firm;  systems  analysis  sometimes  compares  the  Implications  of  developing 
alternative  weapons  systems;  cost-benefit  analysis  compares  the  conse¬ 
quences  of  choosing  alternative  sets  of  water -re source  projects. 

Second,  in  tracing  out  these  Irrigations ,  all  theaa  types  of 
analysis  are  likely  to  use  rather  complex  models,  or  sets  of  relation¬ 
ships,  so  as  to  reflect  the  effects  of  Interdependencies.  Ons  of  the 
■a In  features  which  sets  operations  reseai  ch  a; art  from  Intuition  or 
very  crude  analysis  Is  ths  effort  to  take  complicated  relationships 
Into  account  —  such  as  the  connections  between  inventory  policy,  speed 
of  delivery,  customer  satisfaction,  variations  in  output,  and  manufacturing 
costa.  In  systems  analysis  also,  relatively  broad  systems  are  compared 
In  order  not  to  neglect  the  way  that  a  change  in  one  part  of  the  system 
affects  the  cost  or  performace  of  other  parts  of  the  system.  Similarly, 
coat-benefit  analysis  makes  use  of  sane  rather  intricate  models  in  order 
to  trace  out  the  consequences  of  various  projects. 

For  example,  with  the  Santa  Marla  project,  stream  flow  below  the 
reservoir  would  become  a  steady  trickle  instead  of  an  intermittent 
scouring  flood,  one  effect  of  which  would  be  to  raise  the  cost  of  channel 
scouring  and  maintenance.  As  another  Illustration,  the  use  of  some 
reservoir  cansciiy  for  flood-control  would  affect  the  payoff  from  another 
component,  the  system  of  levees.  That  is,  If  one  -art  of  the  system 
did  part  of  the  flood -control  Job,  it  would  reduct-  the  payoff  from  the 
other  flood-control  measures. 

It  nay  help  convey  the  flavor  of  cost-benefit  analysis  If  on-  ;*Lrt 
of  the  model  used  In  the  Santa  Marla  analysis  is  sketched  out In 
describing  the  effects  of  flood-control  works,  the  analysts  started  with 
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the  Impact  of  these  measures  on  etr earn  flews  --  that  is,  on  the  cunic 
feet  discharged  per  second  at  designated  joints.  They  then  proceeded 
to  translate  this  Information  into  estimates  of  damage -reduction  attri¬ 
butable  to  the  ,roJect.  first,  they  worked  out  estimates  of  the  damage 
that  would  occur  without  the  project.  Fror:  past  records,  a  discharge- 
frequency  curve  was  derived,  snowing  the  number  of  times  one  could  expect 
various  t«eak  discharges  to  occur  during  a  jeriod  of  a  hundred  years. 

Hext,  a  discljarge -damage  curve  was  prepared,  showing  the  way  average 
monetary  damage  '’ver  the  coming  decades  was  expected  to  vary  with  flood- 
site,  measured  as  before  by  peak  discliarge.  Fron  these  two  curves,  a 
damage -frequency  relationship  was  obtained.  Since  the  discharge -damage 
curve  showed  an  estimate  of  monetary  damage  for  each  peak  discharge,  a 
damage  estimate  could  be  substituted  for  each  peak  discharge.  Hence, 
the  discharge -frequency  curve  could  be  translated  into  a  damage -frequency 
curve.  The  last-named  curve  (in  cumulative  form,  which  shows  the  number 
of  times  that  each  damage  figure  would  be  equaled  or  exceeded)  is  the 
solid  line  shown  in  Figure  1.  The  area  under  this  curve  represents 
total  damage  over  a  100-year  .^erlnd.  This  amount  could  be  approximated 
by  multiplying  by  one  the  damage  expected  to  occur  one  time,  multiplying 
by  two  the  amount  expected  tc  occur  two  times,  a;id  f  i  on,  and  then  by 
sunning  uj  all  these  results.  Expected  damage  ;^r  year  is  sin.  ly  the 
total  \  rojected  for  the  entire  period  divided  by  100. 

A  similar  procedure  yleLded  a  damage -frequency  curve,  and  estimates 
of  annual  fl  xxi  -danSLge ,  with  the  project  --  i.o.,  with  the  reservoir, 
levee*,  and  channel  Improvements  that  were  b^-ing  conside-ed  for  the 
Santa  Marla  valley.  This  curv<*  Is  the  broker,  line  shown  In  Figure  1. 

The  average  annual  reduction  of  flood -«lamage  attributed  to  the  ;  roject 
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Figure  1.  Damage -Frequency  Curves 
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vaa  then  a imply  average  annual  damge  without  the  project  minus  average 
annual  damge  with  the  project. 

The  purpose  In  preaenting  part  of  the  Santa  Marla  model  la  simply 
to  convey  at  least  a  brief  notion  of  coat-benefit  computations.  In 
larger  watersheds,  the  calculations  get  aore  complicated,  as  inter- 
re  la tionahl;  s  multiply:  thus,  on  the  one  hand,  a  new  reservoir  upstream 
nay  stabilize  the  downstream  flows  and  Increase  the  firm  \>over  output 
that  t'sn  be  produced  by  downstream  hydro  stations,  whether  public  or 
private;  or,  on  the  other  hand.  If  water  is  used  for  irrigation,  it  may 
reduce  downstream  flows  and  the  power  output  of  downstream  hydro  stations. 
To  re;ieat,  the  aim  here  la  simply  to  convey  some  of  the  flavor  of  cost- 
benefit  calculations  and  to  Indicate  that  they  are  similar  to  some  of 
the  estimation  procedures  that  are  used  In  connection  with  other  problems 
of  choice.  In  other  words,  cost -bene  fit  analysis  nmy  be  regarded  as  a 
type  of  operations  research. 

II.  GPgRAL  FORM  Of  THS  CRITERION 

A.o  mentioned  above  in  the  description  of  cost -benefit  analysis,  the 
merit  of  each  water -re source  project  Is  gauged  traditionally  by  the  ratio 
of  benefits  to  costa,  both  converted  to  an  annual  basis.  How  naturally 
this  ratio  Is  not  regarded  as  the  only  :  lece  of  information  which  i6 
relevant  to  these  decisions.  A  great  many  objectives  and  political 
jTeasures  enter  into  the  actual  selection  of  r  >Ject6.  None  the  lees, 
this  criterion  seems  to  play  a  leading  role  in  the  formulation  of  the 
water -resource  rrogran. 

Or,  more  accurately',  it  plays  s  misleading  role.  This  could  be 
brought  out  by  an  examination  of  the  Santa  Maria  ,  rojfc* ;  but  this 
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particular  point  can  be  shown  more  simply  if  we  compare  tvo  hypothetical 
projects,  A  and  B.  First,  soar  preliminary  definitions:  benefit*  ore 
the  value  of  a  project’*  output  --  equivalent  to  a  firm's  sale*  —  and 
coat*  are  coat*  —  the  aaount*  that  must  be  given  up,  or  spent,  In  order 
to  buy  the  project.  Both  coat*  and  benefit  a  are  stream*  over  time,  of 
course,  and  in  order  to  be  compared  properly,  these  stream*  would  ha\ r 
to  be  discounted  carefully  in  order  to  derive  their  prerent  value*  or 
to  put  then  on  an  annual  basis,  /or  the  sake  of  convenience  and  ease 
of  Manipulation,  the  calculation*  here  will  be  greatly  oversimplified. 

A*  shown  In  Figure  2,  each  of  the  tvo  projects  (A  and  B )  requires 
the  Investment  of  $10  million  to  be  written  off  In  10  years.  A  has 

Figure  2.  Conventional  Criterion  for  Ranking  Two  Projects 
(amounts  in  mill  loo*  of  dollar*) 


A  B 

Investment  |l£  j^lO 

Annual  Benefit*  15  5 

Annual  Cost* 

Operating  4  0 

De{  >reclation  1  1 

Total _ _ l _ 1_ 

Ratio  of  Benefit  to 

Cost  (Annual)  3 A  5 A 


operating  coets  of  P*  million,  annual  depreciation  of  $1  mill. ion,  total 
»nm»i  cost*  of  $5  million,  and  total  a  rural  benefits  of  $15  million. 

Hence,  the  ratio  of  anraal  benefits  to  arena!  costs  is  15  to  5#  or  3  to  1. 

B  ha*  no  operating  costs  (obviously  an  extreme  example),  annual  depreciation 
of  $1  million,  total  annval  costs  therefore  of  $1  million,  and  total 
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annual  benefit*  of  $5  million.  Thu*,  the  ratio  is  5  to  1.  According 
to  current  practice,  B  in  to  be  recoepcaltd  because  it*  ratio  is  higher. 
Yet,  a*  indicated  in  Figure  3>  Its  net  "profit"  over  the  period  1*  only 

Figure  3*  "Profits"  from  the  Tv^  Project* 


A  B 

Annual  Benefit*  $15  $  S 

Annual  Coat*  -  S  -  1 

Net  Profit  Kadi  Year  10  4 

Net  Profit  Over  Life  of 

Project  (10  Year*)  100  40 


$40  million  (10  times  $5  alnu*  $l)  while  A  yields  $100  million  (10  tine* 
$15  minus  $5)  all  for  the  name  investment .  A  clearly  add*  more  to  our 
I  resent  worth,  and  1*  surely  the  better  investment. 

What'e  wrong  with  the  ratio?  Well,  it'*  the  ratio  of  gross  benefit* 
to  gross  costa.  The  equivalent  criterion  in  bu*ine**  would  be  the  ratio 
of  receipts  to  expense*.  If  thi*  »ort  of  test  were  used  in  business, 
entry  into  retail  trade,  or  any  venture  involving  a  high  turnover,  would 
ap;>ear  to  be  foolish,  because  the  ratio  cf  gross  sale*  to  expense*,  or 
the  rate  of  return  xi  *ale*,  would  be  comparatively  low.  Yet  the  profit 
on  the  Investment  mi#it  be  relatively  high.  What  ultimately  natters  is 
not  the  ratio  of  gross  sales  to  ex onaes  or  rate*  of  rc  Virn  on  sales;  if 
*  venture  ;  r onuses  annual  saleB  of  $102  nllllon  and  annual  exjenses  of 
$100  million  (i.e.,  2  ['er  cent  on  sales),  it  may  still  be  anything  from 
a  bonanza  to  a  dud.  What  matters  is  the  profit  on  investment,  or  more 
precisely,  the  protective  change  in  recent  worth. 
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8lailarly,  the  most  significant  te»t  in  [ubilc  investment  --  wherever 
measurable  banefits  and  coot*  are  Important  --  is  surely  not  the  -atio 
of  gross  banefits  to  total  costs.  This  provides  no  basis  for  doing  what 
governmental  agencies  must  usually  do  --  that  is,  Judge  the  relative 
merits  of  different  projects  whose  benefit-coat  ratios  are  greats-  (or 
leas)  than  unity.  If  the  convent lonal  ratio  is  'used  for  this  purpose, 
a  project  that  haa  high  gross  ret  urns  and  operating  costs  will  be  at  s 
relative  disadvantage ,  whatever  its  potential  contribution  to  present 
worth.  This  may  seem  to  be  an  elementary  sort  of  error.  It  Is  stressed 
here  because  this  error  is  being  mad e  when  rati  js  of  sales  to  expenses 
(i.e.,  benefits  to  coats)  are  used  by  Congress  or  within  the  Departments. 
And,  Incidentally ,  it  is  a  tyj*  of  error  --  the  use  of  the  ratio  of  gain 
to  cost  as  a  criterion  --  which  sour  tine  a  occurs  in  other  ;  leocs  of 
operations  research  and  systems  analysis. 

As  in  the  case  of  rivate  investments,  what  ultimately  matters  1b 
surely  the  profit  on  investment,  or  more  precisely,  the  increase  in  present 
value  that  can  be  obtained  with  any  investment  budget.  It  is  not  necessary' 
for  present  purposes  to  ask  Just  what  discount  ~nte  should  be  used  in  order 
to  estimate  the  increases  in  present  values:  the  answer  would  defend 
upon  the  way  in  which  capital  is  "rationed"  to  government  and  to  government 
agencies.  The  essential  joint  here  la  that  we  should  choose  those  invest¬ 
ments  which  yield  the  greatest  benefit  ml  nun  cost,  not  those  which  yield 
the  highest  ratio  of  benefit  to  cost. 

hi.  carriRioN  mishap  ok  u  wrowg  AunguiATivga  compared 

Even  if  the  appropriate  test  of  r  re  fer -*edness  is  ado;  ted,  It  will 
not  reveal  the  best  policy  if  the  wrong  alternatives  •-  water -re sourer 
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ayEtema  In  this  j«;«r  --  are  being  canyared.  This  is  a  conraon;  lace 
obtervnt  ion,  but  tvo  , art i r tlar  situations  in  which  the  wrong;  ai  terns'  ivcs 
nay  be  coc.arvd  are  worth  8,*  -lal  raentim  here. 

A.  Ccua^arlaon  of  Sybtcine  Thnt  Have  Been  Modified  Since  Original 
Analysis 

As  nrntioned  previously,  on  account  of  interde;  eradencles,  ia;  often 
hav*-*  to  cunjart1  rather  broad  ayfiterae.  That  io,  Ln  order  to  cm, are 
ventiroa  (or  vrs.^ae,  or  -  roductlon  Buhedulefi)  A,  B,  and  C,  we  really 
have  t  cnn;are  rest-of-the -syotera-,lus-A,  rent-of-tlie-systaii-,  lua-B, 
and  resL-of-the-eyatein-,  lua-C.  To  see  thic  more  dearly,  au;  ;>om  that 
a  reject  cona let Lag  nf  a  -r  'if led  levees,  charnel - in; 'rrrvenents,  and 
reservoirs  is  A,  and  other  3etc  of  ;  ro,  ooalc  ln  the  aajnr  broad  watershed 
are  B  and  C.  The  reot-of -the -system  in  each  case  eneonjassee  existing 
□an-inade  features  ( reaei-volrs,  flood-contr  A  structures,  ,-ower  \  rejects. 
Industrial  establishments)  and  natural  features  (climate,  land,  fi, rests) 
which  V'uld  affect,  r  bo  affected  by,  the  o,eration  of  the  ;  ror  osed 
reject.  Thua,  the  full  eystei.TB  whoee  , erf 'rraancc  should  be  cornered 
comprise  La  each  instance  the  whole  com.  lex  '  f  feetureo  tiiat  al  ready' 
exist,  ir  are  taxen  ao  given,  arxd  those  tiiat  are  ,rorosed.  As  a  ,ractlcal 
natter,  f  'ourae,  we  Iraw  a  lliie  Brorwherv,  considering  >nly  features 
f  the  basin  or  water  abet  which  a.  e  deemed  to  be  involved  "sigr.lf  leant  ly . " 

The  e>nrkjari3on  )f  auch  systems  it>  he!  I’ll  if  we  are  to  ch'oee  only 
jno  ;  these  ventures  (A  •  B  ' >r  C)  and  then  forget  about  the  other  tvo. 
But  there  my  be  tr  >ui  l.e  ahead  if  w»-  try  *  ranx  A,  B,  and  C  for  future 
reference.  Anti  this  is  exactly  what  we  Bonetliaes  do  stteu,  t  in  the 
analysis  of  waler-reBop.r  'e  inrasurec  --  that  is,  to  evaluate  ♦he  , rojecta 
ajxd  then  t  uB'*  the  eval  ia‘  !  a*  ■  jn aide  rally  Later  dates. 
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The  r«uo&  that  there  nay  be  trouble  le  that  the  out  cone  of  A  may 
depend  upon  whether  or  not  B  le  In  existence,  and  vice-versa.  In  other 
word*,  as  soon  u  one  of  the  projects  is  to  be  constructed,  the  earlier 
evaluations  nay  no  longer  be  ai  plicable.  In  that  circumstance,  the  ranking 
based  on  the  earlier  evaluations  a ay  be  wrong.  for  Instance,  su;  ;oae  we 
corajare  the  a  ter  shed  (lncludli^  whatever  measures  exist  or  are  taken 
for  granted)  flue  a  reforestation  project,  the  watershed  plus  s  forest- 
fire  control  program,  and  the  watershed  plus  downstream  levees.  8uj,ose 
the  reforestation  project  turns  out  to  oe  best,  and  It  is  to  be  carried 
out.  Perhaps  the  down/- ' -earn  levees  arc  second-best  according  to  the 
Initial  analysis .  Will  uiey  continue  to  be  second-best?  Hot  necessarily, 
because  reforestation  will  decrease  water  runoff  and  hence  the  benefit  e 
to  be  obtained  from  levees  (a  "competing"  ,  roject )  and  increase  the  gains 
to  be  obtained  from  forest-fire  control  (a  "complimentary"  project). 

In  other  words,  strictly  speaking,  our  conclusions  pertain  only  to 
the  systems  actually  compared,  and  not  necessarily’  to  mod  lfi  oat  ions  of 
thoae  systems.  The  alternative  systems  that  were  examined  In  last  year's 
analyses  may  not  be  the  ones  which  should  be  eomiarcd  in  order  to  select 
next  year's  projects.  We  nay  use  the  original,  analyses  as  the  basis  for 
views  on  modified  systems  --  i.e.,  we  say  assume  there  are  no  significant 
Interrelationships  between  projects  A,  B,  and  C,  and  use  the  initial 
ranking  as  though  it  were  Independent  of  the  construction  of  A,  B,  or  C; 
and  in  some  cases  this  will  be  Justified,  but  Wha+  is  being  assumed 
should  be  re'^ogniiod. 

B,  Comparisons  of  Project -Lump*  vs.  Project-Increments 

It  has  been  repeatedly  suggested  that,  on  account  of  interdependencies, 
the  way  to  cosar  to  grits  with  the  true  gains  and  costs,  and  hence  with  the 
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]  roj>er  criterion,  lfi  often  to  con}*re  broad  system.  In  the  caae  of 
water -re source  devaloisrarnt,  tills  means  looking  at  entire  watersheds  or 
river  basins.  It  should  be  enmhaslted,  hcjvever,  that  the  imposed 
measures  in  various  river  basins  need  not,  indeed  should  not,  be 
examined  as  indivisible  luape.  It  is  imr,  o riant  to  b real,  these  pm;  osed 
msasures  down  into  ;arts  and  see  whether  succeasive  increments  are  worth 
their  cost.  Thus  the  e/stems  that  are  being  considered  should  embrace 
several  combinations  of  components  --  such  as  existing  features  of  the 
watershed  plus  extra  forests,  existing  features  ^ua  forests  plus 
terraces,  and  then  all  those  components  plus  channel -Ini  rovement . 

Also,  the  measures  that  are  being  considered  should  embrace  several 
siren  --  such  as  ‘p0,000  Dalles  of  terraces,  100,000  r.ilee  of  terraces, 
and  perhaps  a  third  sire.  Then,  in  the  context  of  the  system  and  gl\en 
the  other  component!;,  we  ahould  asks  what  are  the  extra  costs  and  extra 
benefits  attributable  to  each  major  feature  or  to  each  major  increment 
in  sire?  Only  in  this  way  can  we  sheer  whether  or  not  uneconomic  features 
or  uneconomic  additions  In  sire  are  riding  in  on  tlie  coattails  of  the 
truly  profitable  parts  of  a  ;  ro^-csal. 

The  Santa  Marla  analysis,  prepared  Jointly  by  the  Bureau  of  Reclamation 
and  the  Corps  of  Engineers,  is  better  than  many  others  in  this  resect, 
for  considerable  attention  was  given  to  the  costs  and  gains  of  alternative 
development  jlans,  reservoirs  with  llfferent  capacities  and  at 

different  Bites,  However,  s+ ill  nx^re  effort  of  this  sort  was  j rcbnbly 
warranted.  For  example,  it  v^ild  have  been  in  order  to  exhibit  the 
consequences  of  adding  the  levee  system,  given  the  reservoir  (see  FifTure 
4).  According  to  the  official  -stinates,  Lht  extra  costs  due  to  including 
this  feature  amount,  on  an  annual  basis,  to  $448,000.^  (in  another  ,J_ace, 
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Flgure  4.  Analysis  of  Project  Increments 
( Levees  and  Channel  Improvement,  3anta  >fer la  Project) 

Extra  Annual  Coet  Due  to  This  Feature  $Ml3,000 

Extra  Annual  Benefit  (Reduction  of  Flood  D m^e ) 

Reservoir  Plus  Levees,  Channel  Improvement  $600,000 
Reservoir  Alone  200,000 

Addition  of  Levees,  Channel  Im,  rovenent  $400,000 


this  cost  Is  stated  to  be  $576,000.-/  What  is  the  extra  benefit  attri¬ 
butable  to  the  channel -improvements?  This  benefit  arises  solely  froc 
the  reduction  of  flood  damage.  The  reservoir  plus  the  channel  improve - 
■snts  would  produce  flood-control  gains,  on  an  annual  basis,  of  $600,000 
(again  the  official  estimate).^  If  a  new  damage -frequency  curve,  given 
the  reservoir  alone,  is  prepared,  it  suggests  that  the  reservoir  by 
Itself  would  yield  annual  gains  —  that  is,  flood -damage  reduction  --  of 
at  least  $200,000  (the  writer's  calculation,  as  no  official  estimate  was 
located).  Hence,  the  addition  of  the  channel-imp rovexnent  would  le»id  to 
extra  annual  benefits  of  $40C  XX) .  It  Is  worth  noting,  incidentally, 
that  this  benefit  is  less  than  the  annual,  gain  that  channel-imp  rovenent 
alone  would  produce  ($500,000),  because  If  this  feature  were  added  onto 
the  reservoir,  the  operation  of  the  reservoir  would  already  do  some  of 
the  flood-control  Job.  As  a  part  of  this  package,  however,  this  feature 
would  not  pay  its  way  according  to  these  rough  estimates;  yet  it  is  the 
package  that  is  analyxed  in  the  official  project  report,  and  the  channel 

- 1- - 

This  curve,  though  not  shown  in  Figure  1,  would  lie  between  the  two 
curves  that  are  presented  there. 
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lm,  rov  merits  are  not  examined  as  a  at-. arable  feature. 

Now  It  is  not  suggested  tiiat  aejarable  ;  reject  increments  oan  a  unehcv 
be  analysed  outside  of  the  system  of  water -re  source  measure  s.  It  is 
necessary  to  fit  whatever  alternatives  ar  being  examined  into  the  water¬ 
shed  along  with  its  existing  features  and  to  recognise  interdependencies 
in  calculating-:  benefits  am.1  costs.  But  --  and  the  joint  i6  vo'-th  tills 
repetition  --  the  relevant  alternatives  to  be  considered  should  include 
several  comb Inat  1  ms  of  the  conjonentc  --  ouch  as  reaervolr  cajaelty  for 
irrlgatl  on  alone,  re3e.-voir  capacity  for  irrigation  and  flood  control, 
reservoir  ca,aclty  fir  irrigation  and  flood  control  j  luc  channel  Iraprove- 
n*?nU3.  Also,  the  alternatives  that  are  being  considered  should  incltsde 
several  slz.ro  --  such  as  a  reservoir  that  would  o  st  $15  million,  one  that 
would  cost  $20  million,  one  that  vould  cost  $15  million.  Thus,  while  the 
system  into  which  the  ;  rojoaed  projects  are  !*itted  am y  iv  ed  to  be  broad, 
the  _  roject  increments  and  variations  whose  merits  are  being  considered 
should  not  always  be  great  lunr(  o . 

In  conclusion,  let  rae  add  t;jit  the  ,.oints  made  here  are  exceedingly 
sin;  le  --  yet,  I  think,  In, -o  riant .  The>  are  that  in  eost-b<  nefit  analysis, 
as  in  any  oje  rations  research,  criteria  that  are  devised  carelessly'  can 
be  quite  misleading,  and  that  even  a;  pro  flat*  criteria  will  not  lead  uo 
to  i  rojjer  glides  if  the  wrong  alternat  Ives  arc  compared  or  if  relevant 


alternatives  arc  overlooked. 
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